VIDEO SIGNAL PROCESSING APPARATUS AND VIDEO DISPLAYING APPARATUS 



BACKGROUND OF THE INVENTION 

The present invention relates to a video signal processing 
apparatus and a video displaying apparatus suitable for processing 
and displaying video signals of several format types. 

Video displaying apparatus such as TV sets have given a 
demand for displaying video signals of several format types with 
the start of digital TV broadcasting. 

Format types for video signals are interlaced video (480i) 
of 525 total scanning lines and 480 effective scanning lines, 
interlaced video (lOBOi) of 1125 total scanning lines and 1080 
effective scanning lines, progressive video (480p) of 525 total 
scanning lines and 480 effective scanning lines, and progressive 
video ( 720p) of 750 total scanning lines and 720 effective scanning 
lines . 

These foi:mat types have the same vertical frequency. The 
number of effective scanning lines per field is however different , 
i.e., 480/2 lines for 480i, 1080/2 lines for 10801, 480 lines 
for 480p, and 720 lines for 720p. The horizontal frequency is 
also different, i.e. , 15. 75 KHz for 480i, 33. 75 KHz for 10801, 
31. 5 KHz for 480p, and 45 KHz for 720p. 

It has been studied to switch the horizontal frequency over 
15. 75 KHz, 33. 75 KHz, 31. 5 KHz and 45 KHz for video displaying 
apparatus in displaying video signals of all of these format types . 
Video displaying apparatus have to be compatible with these four 
different horizontal frequencies. 

Interlace-to-progressive (I-P) conversion of 480i-video 
signals to 480p-video signals results in three different 
horizontal frequencies. Video displaying apparatus still have 
to be compatible with these three different horizontal 
frequencies . 

To lighten a burden for video displaying apparatus , it has 
been studied to standardize several video formats into 10801 only. 

For example, video displaying apparatus equipped with a 
cathode ray tube (CRT) require CRT -synchronization adjustments 
per format for displaying video signals of different formats. 



which causes large change in deflector voltage , thus a heavy burden 
for deflectors. Other types of video displaying apparatus also 
have to bear a heavy burden for displaying video signals of different 
formats . 

5 CRT -synchronization adjustments per format requires 

temporal video-masking (blanking) on screen for picture quality. 
This results in complex control operation to video displaying 
apparatus and also no videos on screen temporarily. Accordingly, 
displaying video signals of different formats causes several 
1 0 problems . 

For solving such problems, several video formats may be 
standardized into 1080i only as mentioned above. However, this 
also causes a problem. In detail, conversion of 480i into 1080i 
will produce scanning lines 9/4 times the number of original 
15 scanning lines. Moreover, conversion of 720p into lOBOi will 
produce scanning lines 3/4 times the number of original scanning 
lines . 

Standardization of video formats into lOBOi thus results 
s in the number of scanning lines made larger and also smaller through 

20 format conversion. This requires large hardware for 
[U: interpolation filters used for format converting circuitry. 

SUMMARY OF THE INVENTION 
A purpose of the present invention is to provide a video 
25 signal processing apparatus and a video displaying apparatus 
capable of conversion of video signals of different format types 
into practically one and best format . 

Another purpose of the present invention is to provide a 
video signal processing apparatus and a video displaying apparatus 
30 for displaying pictures at extremely high quality with the least 
increase in hardware and complexity in signal processing. 

The present invention provides a video signal processing 
apparatus for processing input video signals including: a video 
signal source for supplying the input video signals carrying at 
35 least a first video signal that is an interlaced signal having 
480 effective scanning lines and a second video signal that is 
an interlaced signal having 1080 effective scanning lines; and 



a video signal processor for converting at least the first and 
the second video signals into a third video signal that is a 
progressive signal having 1440 effective scanning lines, thus 
outputting the third video signal. 
5 Moreover , the present invention provides a video displaying 

apparatus for displaying pictures based on input video signals 
carrying at least a first video signal that is an interlaced signal 
having 480 effective scanning lines and a second video signal 
that is an interlaced signal having 1080 effective scanning lines , 
10 the apparatus including: a video signal processor for converting 
at least the first and the second video signals into a third video 
signal that is a progressive signal having 1440 effective scanning 
lines , thus outputting the third video signal; and a displaying 
^ section for displaying pictures of the third video signal. 

yO 1 5 Furthermore , the video displaying apparatus for displaying 

pictures based on input video signals carrying at least a first 
M video signal that is an interlaced signal having 480 effective 

t~ scanning lines and a second video signal that is an interlaced 

5 signal having 1080 effective scanning lines, the apparatus 

i;"^ 20 including: a video signal processor for converting at least the 

first and the second video signals into a third video signal that 
is an interlaced signal having 1440 effective scanning lines, 
thus outputting the third video signal; and a displaying section 
for displaying pictures of the third video signal. 
2 5 Moreover , the present invention provides a video displaying 

apparatus that receives input video signals carrying at least 
a first video signal that is an interlaced signal at a horizontal 
frequency of 15. 75 KHz and a second video signal that is an 
interlaced signal at a horizontal frequency of 33. 75 KHz, the 
30 apparatus including: a video signal processor for converting at 
least the first and the second video signals into a third video 
signal that is an interlaced signal; a cathode -ray- tube (CRT) 
displaying section for displaying pictures of the third video 
signal; a deflector for deflecting electron beams in the CRT 
35 displaying section in a horizontal direction and a vertical 
direction so that the CRT displaying section displays the pictures 
of the third video signal; and a phase -lock- loop circuitry, having 
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a predetermined locking range including a frequency of 45 KHz, 
for supplying a single horizontal synchronizing signal at a 
frequency included in the locking range. 

Furthermore, the present invention provides a video signal 
5 processing apparatus for processing input signals carrying at 
least a first video signal that is an interlaced signal having 
480 effective scanning lines and a second video signal that is 
an interlaced signal having 1080 effective scanning lines, the 
apparatus including: a first converter for converting the number 

10 of the effective scanning lines of the first video signal into 
1440, thus outputting the first video signal that is an interlaced 
signal having 1440 effective scanning lines ; and a second converter^ 
for adding a non-video signal to the second video signal with 
no conversion of the number of the effective scanning lines of 

15 the second video signal, thus outputting the second video signal 
that is an interlaced signal having 1440 effective scanning lines . 

Moreover , the present invention provides a video displaying 
apparatus for displaying pictures of input signals on displaying 
section at an aspect ratio of 4 : 3, the input signals carrying 

20 at least a first video signal that is an interlaced signal having 
480 effective scanning lines and a second video signal that is 
an interlaced signal having 1080 effective scanning lines, the 
apparatus including: a first converter for converting the number 
of the effective scanning lines of the first video signal into 

25 1440, thus outputting the first video signal that is an interlaced 
signal having 1440 effective scanning lines; a second converter 
for adding a non-video signal to the second video signal with 
no conversion of the number of the effective scanning lines of 
the second video signal, thus outputting the second video signal 

30 that is an interlaced signal having 1440 effective scanning lines , 
wherein a picture of the output second video signal is displayed 
on the displaying section almost on a middle zone in a vertical 
direction of the displaying section and non-picture portions 
corresponding to the non -video signal are arranged on upper and 

35 lower zones in the vertical direction of the displaying section. 

Furthermore, the present invention provides a video 
displaying apparatus including a first video signal source for 



outputting a first video signal that is either of an interlaced 
signal having 480 effective scanning lines, another interlaced 
signal having 1080 effective scanning lines , a progressive signal 
having 480 effective scanning lines and another progressive signal 
having 720 effective scanning lines, a second video signal source 
for outputting a second video signal that is an interlaced signal 
having 480 effective scanning lines at an aspect ratio of 4 : 
3, and a displaying section having an aspect ratio of 16: 9, the 
apparatus including: a converter for converting the first video 
signal into a third video signal that is an interlaced signal 
having 1440 effective scanning lines; a scale-down section for 
scaling down the second video signal in a horizontal direction 
of the displaying section by cyclically decimating pixels of the 
second video signal in the horizontal direction with no decimation 
of the scanning lines of the second video signal; and a synthesizer 
for synthesizing the third video signal and the scaled-down second 
video signal so that a picture of the third video signal is displayed 
on a zone in the horizontal direction of the displaying section 
and another picture of the scaled-down second video signal is 
displayed on a remaining zone of the displaying section. 

Furthermore, the present invention provides a video 
displaying apparatus including a first video signal source for 
outputting a first video signal that is either of an interlaced 
signal having 480 effective scanning lines, another interlaced 
signal having 1080 effective scanning lines, a progressive signal 
having 480 effective scanning lines and another progressive signal 
having 720 effective scanning lines , a second video signal source, 
a third video signal source and a fourth video signal source for 
outputting a second video signal, a third video signal and a fourth 
video signal, respectively, each of the second, the third and 
the fourth video signals being an interlaced signal having 480 
effective scanning lines at an aspect ratio of 4 : 3 , and a displaying 
section having an aspect ratio of 16: 9, the apparatus including: 
a converter for converting the first video signal into a fifth 
video signal that is an interlaced signal having 1440 effective 
scanning lines; a scale-down section for scaling down the second, 
the third and the fourth video signals in a horizontal direction 



of the displaying section by cyclically decimating pixels of the 
second, the third and the fourth video signals in the horizontal 
direction with no decimation of the scanning lines of the second, 
the third and the fourth video signal; and a synthesizer for 
5 synthesizing the fifth first video signal and the scaled-down 
second, third and fourth video signals so that a picture of the 
fifth video signal is displayed on a zone in the horizontal direction 
of the displaying section and other pictures of the scaled- down 
second, third and fourth video signals are displayed on remaining 
1 0 zones of the displaying section as aligned in a vertical direction 
of the displaying section. 

Furthermore, the present invention provides a video 
displaying apparatus including at least one video signal source 
% for outputting a first video signal that is an interlaced signal 

15 having 480 effective sceinning lines, the apparatus including: 
a displaying section capable of displaying pictures of a second 
1:::^. video signal that is an interlaced signal having 1440 effective 

^ scanning lines; a picture processor for processing the first and 

s the second video signals by allocating substantially all of 

20 scanning lines of the first video signal to a part of the second 
Mr. video signal with no cyclic decimation of and no increase in the 

scanning lines of the first video signal; and a driver for driving 

O 

iU: the displaying section to display pictures of the processed first 

and second video signals. 
25 Moreover the present invention provides a video displaying 

apparatus including a video signal source for outputting a first 
video signal, a second video signal and a third video signal, 
each being an interlaced signal having 480 effective scanning 
lines and carrying moving pictures or still pictures , the apparatus 
30 including: a displaying section capable of displaying pictures 
of a fourth video signal that is an interlaced signal having 1440 
effective scanning lines; a picture processor for processing the 
first, the second and the third video signals by allocating 
substantially all of scanning lines of the first, the second and 
35 the third video signals to the fourth video signal with no cyclic 
decimation of and no increase in the scanning lines of the first , 
the second and the third video signals; and a driver for driving 



the displaying section to display the processed first, second 
and third video signals as aligned in a vertical direction of 
the displaying section. 

Still furthermore, the present invention provides a video 
signal processing method of processing input video signals 
carrying at least a first video signal that is an interlaced signal 
having 480 effective scanning lines and a second video signal 
that is an interlaced signal having 1080 effective scanning lines , 
the method including the step of converting at least the first 
and the second video signals into a third video signal that is 
a progressive signal having 1440 effective scanning lines, thus 
output ting the third video signal. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shows a block diagram of a first embodiment according 
to the present invention; 

FIG. 2 illustrates conversion of 480p, 720p and 10 80p formats 
into 1440p format; 

FIG. 3A shows a block diagram of an interpolation filter; 

FIG. 3B shows another block diagram of an interpolation 
filter; 

FIG. 4 illustrates phase- shifting in conversion of 480p, 
720p and lOBOp formats into 1440p format; 

FIG. 5 illustrates progressive- to-interlace conversion; 

FIG . 6 shows a block diagram of a second embodiment according 
to the present invention; 

FIG. 7 is a graph for explaining the second embodiment shown 
in FIG. 6; 

FIG. 8 shows a block diagram of a third embodiment according 
to the present invention; 

FIG . 9 shows a block diagram of a fourth embodiment according 
to the present invention; 

FIG. 10 is an illustration of display on screen in the third 
and the fourth embodiment; 

FIG. IIA is an illustration of display on multi-screen; 

FIG. IIB is another illustration of display on multi- screen; 

FIG. lie is still another illustration of display on 
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multi- screen; 

FIG. 12 shows a block diagram of a video signal processing 
apparatus for display on multi-screen such as shown in FIGS. IIA 
to IIC; and 

5 FIG . 13 shows a block diagram of a fifth embodiment according 

to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Preferred embodiments according to the present invention 
10 will be disclosed with reference to the attached drawings. 

A feature of a video signal processing apparatus and a video 
displaying apparatus is format conversion into interlaced video 
(14401) of 1440 effective scanning lines or progressive video 
S (1440p) of 1440 effective scanning lines from any of 480i- , lOBOi-, 

15 480p- and 720p-input video signals, 
ro FIG. 1 shows a specific configuration for format conversion 

n into 14401 or 1440p format. 

S Formats of input video signals in this preferred embodiment 

'r' are four types , i.e., 4801, 10801, 480pand720p. However, a video 

20 displaying apparatus according to the present invention does not 
always need all of these four types. The present invention can 
be applied to combination of input signals of at least any of 
two among the four types. 

In FIG. 1, a 4801 (interlaced) -input video signal supplied 
25 from a video signal source VD is fed to an i-P converter 11 of 
an I-P conversion section 1 and converted into a 480p 
(progressive) -video signal. A 1080i-input video signal supplied 
from the video signal source VD is fed to another I-P converter 
12 of the I-P conversion section 1 and converted into a 1080p-video 
30 signal. Conversion of interlaced signals into progressive 
signals increases the amount of data per field and enhances 
high-picture quality processing at a scale-up/down processing 
section 2. 

The I-P converters 11 and 12 produce progressive signals 
35 of 480p and lOBOp, respectively, which may be performed by doubling 
the scanning line density of the input signal or using progressive 
signal -interpolation data stored in buffer, etc. 
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The 480p-video signal output by the I-P converter 11 is 
supplied to a 6/2 converter 21 of the scale-up/down processing 
section 2. The 1080p-video signal output by the I-P converter 
12 is supplied to a 4/3 converter 23 of the scale-up/down processing 
5 section 2. 

A 480p- input video signal supplied from the video signal 
source VD is supplied to the 6/2 converter 21 . A 720p-input video 
signal supplied from the video signal source VD is supplied to 
a 2/1 converter 22. 

10 Only one video signal source VD is shown in FIG. 1 , however, 

which may be separated into several sources for supplying 480i- , 
10801-, 480p- and 720p-video signals, respectively. Moreover, 
the video signal source VD may be a receiver for digital TV 
broadcasting, a video tape recorder or a video disc player. The 

15 video signal source VD detects the format of an input signal and 
supplies it via switch to the I-P converter 11 if it is a 480i 
signal, the I-P converter 12 if a 10801 signal, the 6/2 converter 
21 if a 480p signal, and the 2/1 converter 22 if a 720p signal. 

The 6/2 converter 21, 2/1 converter 22 and 4/3 converter 

20 23 convert the input 480p- , 720p- and 1080p-signals into a 1440p 
signal, respectively, by multiplying the number of scanning lines 
of the input signals by 6/2, 2/1 and 4/3, respectively. 

All the processing to the 480p-, 720p- and 1080p-input 
signals is a scale-up processing for displaying scaled-up pictures 

25 in this embodiment , however, the section 2 is called a scale -up/down 
processing section that can also perform a scale-down processing 
for displaying scaled-down pictures, etc. 

FIG. 2 illustrates scanning line conversion from 480p, 720p 
and 1080p signals to a 1440p signal. The number of scanning lines 

30 of the 1440p signal is 3 times, 2 times and 4/3 times that of 
the 480p, 720p and 1080p signals, respectively, in this scanning 
line conversion. 

Accordingly, all the scanning line conversion processing 
for format conversion in the scale-up/down processing section 

35 2 is the scale-up processing in this embodiment. This processing 
achieves data completeness against the scale-down processing for 
standardization to 10801 format discussed already, which causes 
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data missing. 

Interpolation ratios for interpolation filters of the 6/2 
converter 21 , 2/1 converter 22 and 4/3 converter 23 are mere integer 
ratios for simple provision of filter coefficients, which thus 
5 require relatively small hardware for the converters 21, 22 and 
23 in FIG. 1. 

The interpolation filters in this embodiment are disclosed 
in detail with comparison to standardization to 10801 format. 

Positions of the output 1440p- signal with respect to the 
10 input signals (format interpolation phase) are: 
480p {0, 1/3, 2/3} 
720p {0, 1/2} 
lOBOp ^ {0, 3/4, 1/2, 1/4} 

The scale-up/down processing section 2 is thus equipped 
yo 15 with interpolation filters corresponding to the interpolation 
phases . 

1=^ On the contrary, positions of the output lOSOi-signal with 

^ respect to the input signals (format interpolation phase) in 

standcirdlzatlon to 10801 format are: 
^ 20 480p {0, 4/9, 8/9. 3/9, 5/9, 2/9. 6/9, 1/9} 

720p {0, 2/3, 1/3} 

This indicates that a lot of interpolation phases are 
%1 generated in standardization to lOSOi format compared to 

standardization to 1440p format. 

25 Standardization to 1440p format in this embodiment requires 

only six interpolation filters in accordance with the generated 
interpolation phases for the scale-up/down processing section 
2. Small -hardware and accurate interpolation filters can be 
constructed with adders, but no multiplies necessary. 

30 Contrary to this , standardization to lOBOp format requires 

ten interpolation filters with multipliers of high computation 
accuracy and high filter coefficient flexibility, thus resulting 
in large hardware. Moreover, most denominators of the 
interpolation phases in standardization to lOBOp format is nine 

35 which causes low interpolation accuracy. 

Disclosed next with reference to FIGS. 3A and 3B is how 
the present invention achieves small hardware. 
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FIGS. 3A and 3B show interpolation filters of coefficients 
{1/2, 1/2}, with the same reference numbers for the same elements , 
The interpolation filter in FIG. 3A has a delay unit 4 and a 1/2 
adder 5. The interpolation filter in FIG. 3B equivalent to that 
5 of FIG. 3A has a delay unit 4, an adder 5a and multipliers 6 and 
7 for multiplying an input signal by 1/2. 

The interpolation filter in FIG. 3B, with the same 
computation accuracy as that for the counterpart in FIG. 3A, 
requires hardware about 33 times the latter. This is because, 
10 for example, for an 8 -bit input signal, the multiplier for 
multiplying the 8 -bit input signal by 8 -bit coefficient requires 
16 adders. 

The interpolation filter in FIG. 3A has a low coefficient 
flexibility entirely but a high coefficient flexibility for fixed 
yp 15 coefficients within bit accuracy. 

The present invention with standardization of video formats 
into 1440p requires only a delay unit and an adder for an 
™ interpolation filter, thus achieving small hardware, which is 

c smaller than in standardization of video formats into 1080p even 

20 if an interpolation filter for the latter is constituted by a 
delay unit and an adder like the former. 
^ The present invention with standardization of video formats 

into 144 Op basically achieves smaller hardware than 
standardization of video fomnats into 1080p, and achieves further 
25 small hardware with an interpolation filter constituted only by 
a delay unit and an adder. 

Moreover, the present invention offers accurate 
interpolation with less picture degradation. 

In contrast, interpolation filters for standardization of 
30 video formats into 1080p have to cover a lot of interpolation 
phases which cause difference in picture quality, thus resulting 
in picture degradation . This is because signal components closest 
to an original video signal exist at interpolation phases close 
to 0 or 1 whereas high frequency components are lost at the highest 
35 degree at interpolation phases close to 1/2 at which surrounding 
signal components are mixed with the original video signal. A 
lot of interpolation phases existing in one picture will generate 
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an interpolation streak depending on whether or not there are 
high frequency components . 

Therefore, compared to conversion into 1080p (and also 
lOSOi) that requires a lot of interpolation phases, conversion 
5 into 1440p (and also 14401) that requires less interpolation phases 
according to the present invention provides less picture 
degradation, thus achieving high picture quality. 

Discussed with reference to FIG . 2 are interpolation phases 
for scanning line conversion from 480p, 720p and 1080p to 1440p 
1 0 format • Original pixels are output as they are at phase 0 . Thus , 
the output original pixels will have high frequency components 
compared to other interpolated pixels. 

In order avoid such a problem, the scale-up/down processing 
section 2 shifts interpolation phases in scanning line conversion 
yOi 15 processing for all of 480p, 720p and 1080p formats as illustrated 
;^ in FIG. 4, Interpolation phase -shifting eliminate picture 

H degradation such as line flickers. Appropriate 

™ coefficient -settings for interpolation filters achieves 

IS interpolation phase- shifting such as shown in FIG. 4. 

f" 20 Interpolation phase-offsetting shown in FIG. 4 could loose 

picture sharpness a little bit. Such picture deterioration can, 
'J' however, be eliminated by controlling picture quality with high 

|1 frequency component -compensation after conversion into 1440p or 

14401 by an enhancer etc. 
25 A 1440p-video signal output from the scale-up/down 

processing section 2 in FIG. 1 is supplied to a 
progressive -to -interlace (P-I) conversion section 3. The P-I 
conversion section 3 is not required for a video signal processing 
apparatus according to the present invention when the apparatus 
30 outputs a 1440p-video signal . It is also not required for a video 
displaying apparatus according to the present invention when the 
apparatus displays a 1440p-video signal. This embodiment, 
however, requires the P-I conversion section 3 for outputting 
a 1440i-video signal. The P-I conversion section 3 converts the 
35 input 1440p-video signal by interlace conversion into a 
1440i-video signal. 

In detail, as illustrated in FIG. 5, a sccinning line of 
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the 1440p-video signal is decimated for every second line and 
then the decimating phase is shifted for one scanning line per 
field. The input 1440p-progressive video signal is thus converted 
into a 1440i-interlaced video signal of a horizontal frequency 
of 45KHZ, which is interlaced at a first filed and a second field. 

The 1440i-video signal may be output from the video signal 
processing apparatus . It may also be displayed on a displaying 
section such as a CTR on a video displaying apparatus in a way 
that the output of the P-I converter 3 (FIG. 1) is supplied to 
a driver for driving the displaying section to display pictures . 

A CRT-video displaying apparatus may have an deflecting 
circuit capable of displaying 720p-video signals with shifting 
vertical deflecting phases in accordance with output phases of 
signal processing for displaying 1440i-video signals. 

A video displaying apparatus according to the present 
invention can thus be provided with a little improvement of known 
driver such as deflecting circuitry. Interlace -compatible 
dot -matrix displaying apparatus can also be used for displaying 
1440i-video signals with signals supplied in accordance with 
output fields of signal processing. A video displaying apparatus 
according to the present invention can thus be provided with no 
drastic cost-up. 

The I-P conversion section 1 in FIG. 1 is advantageous as 
discussed below when it generates a signal equivalent to a 
progressive signal instead of actually doubling scanning line 
density of the input 480ior 1080i-video signal. In such processing, 
the scale-up/down processing section 2 , the P-I conversion section 
3 and also any circuitry connected thereto will operate at a 74. 
25 MHz-clock rate the same as for 720p format. A clock rate for 
10801 format is also 74. 25 MHz the same as for 720p format. 
Therefore, the 720p-, 10801- and 1440i-video signals can be 
processed at the same clock frequency. 

A horizontal cyclic period or the number of horizontal 
effective pixels for the 10801- and 1440i-video signals is 1280 
equivalent to that for the 720p-video signal at the same clock 
frequency. The number of horizontal effective pixels for the 
10801- video signal is decreased to 1280 from 1920 (the original 
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ntimber of pixels) when processed at 74, 25 MHz. The niomber of 
horizontal effective pixels 1280 is, however, sufficient for 
household TV sets and dot-matrix displaying apparatus. A clock 
rate for the output of the P-I conversion section 3 may of course 
5 be made higher so that the number of horizontal effective pixels 
becomes 1920 after conversion into 14401 format. 

As disclosed above, the video format is standardized into 
14401 (or 1440p) in the video signal processing apparatus and 
the video displaying apparatus according to the present invention . 
10 Conversion into a single video-signal format is thus achieved 
with small -hardware interpolation filters* In addition to this 
advantage , this invention is advantageous for displaying extremely 
high-quality pictures on multi-screen as disclosed later. 
S Disclosed next with reference to FIG . 6 is a video displaying 

yS 15 apparatus having a CRT as a displaying section according to the 
^ present invention. 

Elements shown in FIG. 6 that are the same as or analogous 
-5 to elements shown in FIG. 1 are referenced by the same reference 

J numbers and will not be explained in detail. The video signal 

20 source VD is not shown here for simplicity. 

'Lji 

Several advantages are discussed above for signal 

^ processing at the same number of effective scanning lines for 

Tj^l different input video formats. In contrast, signal processing 

at the same horizontal frequency is important for a video displaying 

25 apparatus having a CRT for different input formats. 

The output 1440i-video signal of the P-I conversion section 

CRT 

3 shown in FIG. 6 is supplied to a 9 through several signal 
processing (not shown and disclosed). 

Supplied to a synchronous converter 6 are a horizontal 

30 synchronization signal ( input horizontal synchronization signal , 
INPUT H-SYNC) , a vertical synchronization signal (input vertical 
synchronization signal, INPUT V-SYNC) and a sampling clock signal 
(input clock signal) for input video signals, and also a display 
clock signal for displaying the 1440i-video signal on the CRT 

35 9. 

For an input 480i-video signal, a frequency of the input 
clock signal is 13. 5 MHz and that of the input vertical 
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synchronization signal is 60 Hz or 59. 94 Hz. A frequency of the 
display clock signal is 74 . 25 MHz when that of the input vertical 
synchronization signal is 60 Hz. It is, however, 74. 176 MHz when 
that of the input vertical synchronization signal is 59, 94 Hz. 
5 The input clock signal and the input vertical and horizontal 

synchronization signals are also supplied to the I-P conversion 
section 1, the scale-up/down processing section 2 and the P-I 
conversion section 3. 

Although not shown in FIG. 1, such an input clock signal 
10 and input vertical and horizontal synchronization signals are 
also supplied to the I-P conversion section 1, the scale-up/down 
processing section 2 and the P-I conversion section 3. 

The synchronous converter 6 in FIG. 6 converts the input 
™ horizontal synchronization signal into a horizontal 

15 synchronization signal at ciround 45 KHz by synchronous conversion 
;^ based on the input clock signal and the display clock signal. 

s I 5 

14. Synchronous conversion may include adjustments to width or phase 

^ of synchronization signals . In this embodiment , the synchronous 

s converter 6 adjusts a width or a phase of the input vertical 

20 synchronization signal and outputs the adjusted signal with no 
jLL frequency conversion. 

The horizontal synchronization signal at around 45 KHz and 
12 the vertical synchronization signal at 60 Hz or 59. 94 Hz are 

supplied to a PLL circuit 7. These horizontal and vertical 
25 synchronization signals are also supplied to the scale-up/down 
processing section 2 and the P-I conversion section 3. 

The PLL circuit 7 outputs a display horizontal 
synchronization signal (DISPLAY H- SYNC) stable at 45 KHz required 
for displaying the 1440i-video signal on the CRT 9 based on the 
30 input horizontal synchronization signal. The vertical 
synchronization signal, however, passes through the PLL circuit 
7 with no processing and output as a display vertical 
synchronization signal (DISPLAY V-SYNC) . The PLL circuit 7 also 
operates as an automatic frequency controller (AFC) . 
35 The display horizontal and vertical synchronization signals 

output from the PLL circuit 7 are supplied to a deflector 8 . The 
deflector 8 includes a deflecting yoke (not shown) attached to 
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the CRT 9, for deflecting CRT-electron beams into horizontal and 
vertical directions so that the 1440i-video signal from the P-I 
conversion section 3 is displayed on the CRT 9 at a horizontal 
scanning frequency of 45 KHz. 
5 The PLL circuit 7 supplies only the display horizontal 

synchronization signal at the frequency of 45 KHz to the deflecting 
circuit 8 because the 1440i-video signal at the horizontal 
frequency of 45 KHz is supplied to the CRT 9 in this embodiment. 
However, it is not always necessary to have the same frequency 
10 for the horizontal frequency of the video signal to be supplied 
to the CRT 9 and the frequency (horizontal scanning frequency) 
of the display horizontal synchronization signal to be supplied 
to the deflector 8. 

Illustrated in FIG. 7 is a locking rage (pull-in frequency 
1 5 range ) for the PLL circuit 7 . The PLL circuit 7 can pull in frequency 

within a range of about ± 5% with a center frequency at a resonance 
gain of 1. 0 for stably driving the CRT 9. It is thus sufficient 
for the PLL circuit 7 that it has the center frequency of 45 KHz 
3 that is included in the locking rage as shown in FIG . 7 for supplying 

f"^ 20 a display horizontal synchronization signal at a frequency within 

1^ the locking range to the deflector 8 . 

It is very effective to set all input video signals at the 

S ti 

horizontal frequency of 45 KHz for displaying pictures of several 
formats according to the present invention. For example, the 

25 horizontal frequency for the XGA format (vertical frequency of 
60 Hz) under the VESA standards is 48. 4 KHz. The PLL circuit 
7 can include this horizontal frequency of 48 . 4 KHz in the locking 
range. The video displaying apparatus according to the present 
invention is thus capable of displaying pictures of XGA- format 

30 video signals with no adjustments to horizontal scanning 
frequency . 

Disclosed next are a video signal processing apparatus and 
a video displaying apparatus having a displaying section with 
an aspect ratio of 4 : 3. 
35 For displaying pictures at an aspect ratio of 16 : 9 (so 

called wide -screen pictures ) on a displaying section with an aspect 
ratio of 4 : 3, it is preferable, as illustrated in FIG. 10, to 
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provide a wide -screen picture almost on the middle section in 
the vertical direction with black or gray non-video signal 
components over and beneath the wide -screen picture. 

The video displaying apparatus according to the present 
5 invention is capable of displaying pictures of a 1440i-video signal , 
and hence capable of displaying a wide -screen picture at a aspect 
ratio of 16 : 9 as it is if it is carried by a 1080i-video signal. 
When a picture of a 10801 -video signal is provided almost the 
middle section in the vertical direction, 180i-non-video signal 
10 components may be provided on non-picture zones over and beneath 
the wide -screen picture. 

FIG. 8 shows an embodiment for achieving video displaying 
illustrated in FIG. 10. Elements shown in FIG. 8 that are the 
"ji same as or analogous to elements shown in FIG. 1 are referenced 

1 5 by the same reference numbers and will not be explained in detail . 
The video signal source VD is not shown here for simplicity. This 
embodiment can select video displaying such as illustrated in 
^2 FIG. 10 for 10801- and 720p-input video signals, 

is A 1080p-video signal output from the I-P converter 12 is 

20 supplied to a switch 62 of a switching section ( SW) 60 . A 720p-video 
iri. signal is supplied to a switch 61 of the switching section 60. 

The switch 61 is to switch the input 720p-video signal so that 
it is supplied to a 2/1 converter 22 or a 3/2 converter 24 of 
a scale-up/down processing section 2a. The switch 62 is to switch 
25 the input 1080p-video signal so that it is supplied to a 4/3 
converter 23 or a 1/1 converter 25 of the scale-up/down processing 
section 2a. 

A switch -control signal is supplied to the switches 61 and 
62 by a user for connecting the video signal processing apparatus 
30 shown in FIG. 8 to a displaying section having the aspect ratio 
of 16 : 9 or another displaying section having the aspect ratio 
of 4 : 3. 

The following disclosure is made for wide- screen pictures 
if input signals are 10801- and 720p-video signals. 
35 The switching section 60 is provided so that the video signal 

processing apparatus in FIG. 8 can be compatible with both the 
aspect ratios of 4 : 3 and 16 : 9 on the displaying section . However , 
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the switching section 60 and the 2/1 converter 22 and the 4/3 
converter 23 of the scale-up/down processing section 2a can be 
eliminated, for example, for an all-in-one video displaying 
apparatus equipped with a video signal processing apparatus and 
5 a displaying section having a single aspect ratio of 4 : 3 for 
displaying only wide- screen pictures of 10801- and 720p- video 
signals . 

For digital broadcasting, aspect -ratio data, that is 
included in additional information added to a TV-program signal 
1 0 carrying video and audio signals , can be used as the switch- control 
signal. In other words, the aspect-ratio data can be used as the 
switch- control signal for an all -in -one video displaying apparatus 
equipped with the video signal processing apparatus shown in FIG. 
8 and a displaying section having the aspect ratio of 4 : 3 according 
15 to the present invention. 

In FIG. 8, the 3/2 converter 24 of the scale-up/down 
processing section 2a multiplies the number of scanning lines 
of the input 720p-video signal by 3/2 to generate a signal of 
:= 1080 scanning lines. The generated signal is once stored in a 

f"" 20 memory (not shown) and retrieved with a clock signal at a frequency 

of 1440p signal. The retrieval timing is shifted by the 3/2 
converter 24 in accordance with the number of scanning lines that 
1,^ is not 1440 but 1080. The number of scanning lines of the output 

signal of the 3/2 converter 24 is 1080, however, the output signal 
25 has been converted into 1440p format with retrieval -rate 
adjustments . 

The 1/1 converter 25 of the scale -up /down processing section 
2a multiplies the number of scanning lines of the input 1080p-video 
signal by 1/1, thus generating a signal with no conversion of 

30 the number of scanning lines . The generated signal is once stored 
in a memory (not shown) and retrieved with a clock signal at a 
frequency of 1440p signal. The retrieval timing is shifted by 
the 1/1 converter 25 in accordance with the number of scanning 
lines that is not 1440 but 1080. The number of scanning lines 

35 of the output signal of the 1/1 converter 25 is 1080, however, 
the output signal has been converted into 1440p format with 
retrieval -rate adjustments. 
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Accordingly, the output of the P-I conversion section 3 
is a 1440i-f ormat signal with 1440 scanning lines or a 1440i-format 
signal with 1080 scanning lines. 

The 1440i-format signal of the P-I conversion section 3 
is supplied to a switching section (SW) 70. A non-video signal 
is also supplied to the switching section 70 from a non-video 
signal generator 80. Supplied further to the switching section 
70 are a control signal for controlling as to whether to switch 
the output of the P-I conversion section 3 and the non-video signal 
from the non-video signal generator 80 and also a vertical position 
detecting signal. The vertical position detecting signal is 
generated from horizontal and vertical synchronizing signals and 
used for detecting locations of video signals on the displaying 
section in the vertical direction. 

The switching section 70 always selects the output of the 
P-I converter 3 when an aspect ratio for input video signals is 
4 : 3, or input video signals are 4801 and 480p signals . On other 
hand, the switching section 70 selects the non- video signal from 
the non-video signal generator 80 on the upper and lower zones 
of a displaying section and also selects the output of the P-I 
converter 3 when an aspect ratio for input video signals is 16 : 
9, or input video signals are 10801 and 720p signals. 

Accordingly, a 1440i-format video signal having 1080 
scanning lines is added a non-video signal by the switching 
processing to become a 1440i-format video signal having 1440 
scanning lines, thus pictures being displayed as illustrated in 
FIG. 10. 

FIG. 9 shows another embodiment for achieving video 
displaying illustrated in FIG. 10. Elements shown in FIG. 9 that 
are the same as or analogous to elements shown in FIG. 1 are 
referenced by the same reference numbers and will not be explained 
in detail. The video signal source VD is not shown here for 
simplicity. 

The embodiment shown in FIG. 9 is structured for achieving 
video displaying illustrated in FIG. 10 when an input video signal 
is 10801 format for hardware simplification. Although not 
explained, video displaying shown in FIG. 10 is also achieved 
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with the same structure as shown in FIG. 9 when an input video 
signal is 720p format. 

In FIG. 9, the 1080i-input video signal is once stored in 
a memory 90 and retrieved with a clock: signal at a frequency of 
5 14401 signal. The signal retrieved from the memory 90 has 1080 
scanning lines but has been converted into 1440p format with 
retrieval -rate adjustments. A non-video signal generator 81 
functions like the counterpart 80 shown in FIG, 8. 

A synthesizer 100 synthesizes the output signal of the memory 
10 90 and a non-video signal from the non-video signal generator 
81 so that non-video signal components are added over and beneath 
the output signal. The output of the synthesizer 100 thus becomes 
a 1440i-format signal having 1440 scanning lines such as shown 
S FIG. 10. 

ffl 15 A switch- control signal such as shown in FIG. 8 is supplied 

to a switching section ( SW) 110 . In response to the switch -control 
H signal, the switching section 110 selects either the output of 

:i; the P-I conversion section 3 or the synthesizer 100 for achieving 

= video displaying shown in FIG. 10. 

20 Disclosed next with reference to FIGS. IIA to IIC, 12 and 

M 13 is displaying mult i- screen pictures. 

I? FIG. IIA illustrates a 1440i-f ormat picture ® displayed 

M= at an aspect ratio of 4 : 3 on the left zone of a screen with 

an aspect ratio of 16 : 9, with 480i-f ormat pictures (2), (3) and 
25 @ displayed at the aspect ratio of 4 : 3 on the remaining zones. 

The 480i-format pictures can be displayed as aligned in 
the vertical direction on the multi-screen because 14401 format 
corresponds to 4801 x 3. The 480i-f ormat pictures (2), (3) and ® 
have been scaled down to 1/4 in the horizontal direction due to 
30 cyclic decimation of pixels in the horizontal direction but no 
decimation in the vertical direction. Increase in scanning lines 
is of course not required. Therefore, picture quality in the 
vertical direction is the same as for original pictures , and hence 
no picture deterioration occurs . The locations of the picture 
35 ® and the pictures (2), (H) and ® may be reversed. 

Moreover, 480p-f ormat pictures can be displayed as the 
pictures (2), (3) and @ at the aspect ratio of 4 : 3 with conversion 
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of 480p-progressive signals into interlaced signals, with 
extremely less picture deterioration. 

As disclosed, the 1440i-f oinnat pictured) shown in FIG. IIA 
has been converted from any one of the 480i-, 10801-, 480p- and 
720p-video signals. The 10801- and 720p-pictures are usually 
multi- screen pictures at the aspect ratio of 16 : 9 and which 
can be displayed as shown in FIG. IIA as described below. 

For 10801 pictures , a 1080i-video signal is converted into 
14401 format with no scanning line conversion and 180i-black or 
-gray non-video signal components are added over and beneath the 
1440i-format signal so that the 10801 signal is converted into 
a 1440i-video signal having 1440 scanning lines. 

For 720p pictures, a 720p-video signal is converted into 
10801 foormat and further to 14401 format with no scanning line 
conversion and 180i-black or -gray non-video signal components 
are added over and beneath the 14 401 -format signal so that the 
720p signal is converted into a 14401- video signal having 1440 
scanning lines. 

FIG. IIB illustrates 720i-format pictures® and® displayed 
on the almost center zone as aligned in the vertical direction 
at an aspect ratio of 16 : 9, both being interlaced signals that 
have been converted from 720p-video signals . These pictures can 
also be obtained by progressive- to-interlace conversion, thus 
achieving extremely less picture deterioration. 

FIG. lie illustrates 480i-format pictures "a" to "1" 
displayed on 12 small screens divided from a screen having an 
aspect ratio of 16 : 9. These pictures "a" to ''I" have been 
subjected to cyclic decimation of pixels in the horizontal 
direction due to scaling-down but no decimation in the vertical 
direction . Therefore , picture quality in the vertical direction 
is the same as for original pictures, and hence no picture 
deterioration occurs . 

Disclosed next with reference to FIG. 12 is an embodiment 
of a video signal processing apparatus for displaying 
multi-screen pictures as described above. The video signal 
source VD is not shown here for simplicity. This embodiment 
particularly achieves simultaneous displaying of four 
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multi- screen moving pictures at the maximum. 

In FIG. 12, each of inputs "A" to "D" is any one of 480i-, 
1080i-, 480i- and 720p-video signals. 

The inputs "A" to '^D" are supplied to I-P converters 101 
to 104 , respectively, of an I-P conversion section 10 . The inputs 
"A" to "D" are further supplied to switches 401 to 404 , respectively, 
of a switching section (SW) 40. The switch 401 selects either 
the output of the I-P converter 101 or the input "A" in response 
to a switch-control signal SWCTL . The switches 402 to 404 perforin 
the same switching operation. 

The 480i (and 10801) -interlaced video signal as any one of 
the inputs "A" to "D" requires interlace-to-progressive 
conversion to become a progressive signal by the corresponding 
I-P converter 101, 102, 103 or 104, before being supplied to 
a scale-up/down processing section 20. 

On the contrary, the480p (and 720p) -progressive video signal 
as any one of the inputs "A" to "D" is supplied to the scale -up/down 
processing section 20 with no interlace-to-progressive 
conversion. 

The switches 401 to 404 select the inputs "A" to "D", 
respectively, or the outputs of the I-P converters 101 to 104, 
respectively , in accordance with the corresponding input formats . 
The switch- control signal SWCTL can be generated by detecting 
the interlace or the progressive format over the inputs "A" to 
"D". 

The output signals of the switching section 40 are supplied 
to the scale-up/down processing section 20 having horizontal 
scale-up/down units (H-UP/DOVflST) 201H to 204H and vertical 
scale-up/down units (V-UP/DOWN) 201V to 204V. Each of the 
vertical scale-up/down units 201V to 204V has the 6/2 converter 
21, the 2/1 converter 22 and the 4/3 converter 23 the same as 
the scale-up/down processing section 2 shown in FIG. 1. The 
vertical scale-up/down units 201Vto 204Vmay output input signals 
with no conversion into 1440p format, which depends on 
multi-screen specifications. The horizontal scale-up/down 
units 201H to 204H scale up or down the input videos in the 
horizontal direction in accordance with the corresponding 
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multi- screens . 

When the inputs "A" to"D" (FIG. 12) correspond to the pictures 
®, (3) and @, respectively, in FIG. IIA, the vertical 

scale-up/down unit 201V converts the input "A" into 1440p format 
5 whereas the vertical scale-up/down units 202V to 204V do not 
convert the inputs "B" to "D" , respectively, into 1440p and output 
480p as they are. 

When the inputs "A" and "B" (FIG. 12) correspond to the 
pictures (D and (D, respectively, in FIG. IIB, the vertical 
10 scale -up /down unit 201V does not convert the inputs "A" and "B" 
into 1440p but outputs 720p as they are. 

The horizontal scale-up/down units 201H to 204H scale down 
the pictures in the horizontal direction in accordance with the 
size of the corresponding multi - screens . 
uQ 15 Displaying multi- screen pictures such as illustrated in FIG. 

Vz lie by the video signal processing apparatus in FIG. 12 will 

1^^ be disclosed later. 

The 1440p ( 480por 720p) - video signals from the scale-up/down 
s processing section 20 are supplied to the corresponding P-I 

r 20 converter 301, 302, 303 and 304 of the P-I conversion section 

30 for progressive -to -interlace conversion to generate 
interlaced video signals . The P-I conversion is performed based 
|i on a field signal (not shown) that is supplied to each of the 

P-I converters 301, 302, 303 and 304. 
25 The outputs of the P-I converters 301, 302, 303 and 304 are 

supplied to a picture synthesizer 50 for synthesizing the outputs 
to generate a 1440i-video signal of multi-screen pictures. 

Disclosed next with reference to FIG. 13 is a further 
embodiment of a video displaying apparatus according to the 
30 present invention. 

In FIG. 13, a TV broadcast signal (IF signal) received at 
an antenna 121 is supplied to tuners 122 and 123. In response 
to channel- switching signal from a controller (not shown) , the 
tuners 122 and 123 are tuned to desired channels and output tuned 
35 signals. The tuned signals are supplied to demodulators 124 and 
125 for demodulation to generate video signals. 

Supplied via external input terminals 126 cind 127 are video 



24 



signals, for example, from a video tape recorder or a vide disc 
player (not shown). The external input terminals may be three 
or more. The tuners 122 and 123, the external input terminals 
126 and 127 and other devices such as a video tape recorder and 
a vide disc player all correspond to the video signal source 
VD shown in FIG . 1 . In other words , the video displaying apparatus 
shown in FIG. 13 receives video signals from several video signal 
sources . 

The video signals supplied via the external input terminals 
126 and 127 are fed to a switch 129 via a switch 128. The switch 
128 may be eliminated in this embodiment because it will be provided 
for selecting two signals from among three or more signals input 
via three or more external input terminals. 

The switch 129 supplies the four signals from the demodulators 
124 and 125 and the switch 128 to a multi-screen picture processor 
1000, 

The mult i- screen picture processor 1000 has the structure 
shown in FIG. 12. The four outputs of the switch 129 correspond 
to the inputs "A" to "D" shown in FIG. 12 . The switch 129 switches 
the inputs "A" to "D" in accordance with how to arrange pictures 
of these inputs on a multi- screen. 

The output of the multi -screen picture processor 1000 is 
supplied to a displaying section 130 having an aspect ratio of 
16 : 9, which is driven by a driver 131 having a deflector and 
a deflecting yoke attached to the displaying section 130. 

The tuners 122 and 123 and the external input terminals 126 
and 127 in FIG. 13 are video signal sources. Moving pictures 
can be displayed on the entire multi-screen shown in FIGS. IIA 
and IIB by supplying video signals from these four video signal 
sources to the multi-screen picture processor 1000. As 
understood from the disclosure which will made later, the picture 
synthesizer 50 of the multi-screen picture processor 1000 also 
operates as a video signal source for supplying video signals 
of still pictures based on video signals from the four video 
signal sources . 

The disclosure made above is to display moving pictures on 
a multi-screen. However, not only that, still pictures can be 
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displayed on the entire or a portion of the multi- screen. 

Disclosed below is displaying multi -screen pictures such 
as illustrated in FIG. IIA only from the output video signals 
of the tuners 122 and 123 shown in FIG. 13. 
5 In FIG. 13, the output video signal of the tuner 122 is 

converted by the multi -screen processor 1000 into 14401 format 

as the pictures ® in FIG. IIA. 

The tuner 123 cyclically switches the received channels per 
predetermined period in response to the channel- switching signal 
10 so that the output video signals of the tuner 123 are switched 
per predetermined period. 

The picture synthesizer 50 of the multi-screen picture 
processor 1000 has a memory 51 (FIG. 13) for storing video signals 
of still pictures for at least past two channels before channel 
yB 15 switching. Moving pictures of the presently received channel 
^ are displayed as any one of the pictures (2), (3) and ®, and the 

H still pictures stored in the memory 51 are displayed as the 

^ remaining two pictures in FIG. IIA. 

s The video displaying apparatus shown in FIG. 13 is also 

20 capable of displaying multi- screen pictures such as illustrated 
in FIG. lie with almost the same processing. 

One of the tuners (for example, the tuner 122) only is used 
£1. to cyclically switch the received channels per predetermined 

period in response to the channel -switch signal. 
25 The memory 51 stores video signals of still pictures for 

at least past 11 channels before channel switching. Moving 
pictures of the presently received channel are displayed as any 
one of the pictures "a" to "1" which are allocated for instance 
to channels 1 to 12, and the still pictures stored in the memory 
30 51 are displayed as the remaining pictures in FIG. IIC. 

In FIGS. IIA to lie, the pictures on the multi-screens are 
denoted as 14401, 480i and 720i, which, however, does not mean 
that all effective scanning lines are displayed as each picture. 
In detail, as well known, no pictures are visually displayed 
35 on the upper and lower zones of a screen of displaying sections 
having a CRT due to over scanning. This is also true for other 
types of displaying sections, that is, some scanning lines are 
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visually masked. Moreover, some pictures (pixels or scanning 
liens ) may be deleted at edges of a multi-screen in the horizontal 
and vertical directions when pictures are arranged on the 
multi-screen in the horizontal and vertical directions. This 
5 picture deletion is performed for picture positioning on a 
multi-screen, which is different from picture scaling-down due 
to cyclic decimation. 

One of the features of the present invention in FIG. 13 is 
that the multi-screen picture processor 1000 allocates 
10 substantially all of the scanning lines of a 480i -video signal 
to a portion (such as the picture (2) shown in FIG. IIA) of a 
1440i-video signal with no cyclic decimation of the scanning 
lines of the 480i-video signal cind also no increase in the scanning 
lines , and the driver 131 drives the display section 130 to display 

^0 15 pictures of the 1440i-video signal and the scanning 

^ line -allocated 480i-video signal. 

1==^ Another feature of the present invention in FIG. 13 is that 

]Z the multi-screen picture processor 1000 allocates substantially 

all of the scanning lines of three 480i-video signals for moving 
^ 20 pictures or still pictures to a 1440i-video signal such that 

they are aligned in the vertical direction (such as the pictures 

!5| (2), (3) and @ shown in FIG. IIA) with no cyclic decimation of the 

scanning lines of the three 480i-video signals and also no increase 
in the scanning lines, and the driver 131 drives the display 
25 section 130 to display pictures of the 1440i-video signal and 
the scanning line -allocated three 480i-video signals. 

As understood from the foregoing disclosure , 14401 and 1440p 
are extremely excellent formats in displaying the presently 
existing 480i- , 10801- , 480p- and 720p-video signals at high 
30 picture quality with extremely less increase in hardware . These 
are also extremely excellent formats for displaying pictures 
on a multi-screen. 

As disclosed above, the video signal processing apparatus 
and the video displaying apparatus according to the present 
35 invention are capable of conversion of several format -types of 
video signals into a single format with small -hardware 
interpolation filters. 
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Video signals of 480i, 480p and 720p formats will have 
scanning lines the number of which are double or more of the original 
scanning lines when converted into a single format , thus extremely 
high quality pictures being displayed according to the present 
invention . 

The present invention also achieves extremely high quality 
pictures with almost no line flickers for 14401 -interlaced video 
signals . 

Moreover, the present invention also achieves extremely 
less picture deterioration to multi-screen pictures. 

Furthermore, the video signal processing apparatus and the 
video displaying apparatus according to the present invention 
are capable of displaying extremely high quality pictures with 
the least increase in hardware and complexity in signal processing . 

The present invention also achieves extremely high picture 
quality on a screen having an aspect ratio of 4 : 3 for interlaced 
video signals having 1080 effective sceinning lines at an aspect 
ratio of 4 : 3. 



